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REDUCTIVE COUPLING OF (R)-(+)-CARVONE AND (+}>CAMPHOR BY THE TiClu—Mg REAGENT.
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Summary : The reductive coupling of (R}(+)}-carvone by TiCIu-Mg—_LBuOH leads to (+)-(1S, 5R, 1'S, 5'R)-
carvone pinacol! 3 (70 %). In presence of pentane, (-}-(1R, 5R, 1'R, 5'R}-carvone pinacol & (50 %) and ketol
5 (15 %) are isolated. Isoborneo! (58 %) and borneol (32 %) result of the reduction of (+}-camphor with

the same reagent.

The reductive coupling of ketones is known to give pinacols.1’2 From classical methods
(alkali metals, > Al(Hg), * MeMgBr-FeCl,, > Mg, 328

as irreversible, giving mainly kinetic products. With &, 3-enones, the reductive dimerisation is complicated

. 7 Lo R
electrochemical means ), the reaction is considered

by the likely presence of products resulting from {3-coupling (diketone hydrodimers) and cross-coupling
(’Y-ketols).m’b’f 1t should be pointed out that few works have been devoted to the stereochemistry of

products. 3d,4b

From the seventies onwards, considerable attention has been given to the reductive coupling

4b

of ketones by the low valent titanium species. 8 We present our results concerning the reductive coupling

of two hindered ketones, (R)}-(~)-carvone 1 and (+)-camphor 2.

(-)-Carvone can be nicely reduced by the TiClu-Mg reagent (2 equiv.) in THF in the presence
of +-BuOH (2 equiv.) leading to the major diol 3 (m.p. 172 °C)(70 % yield).9 The presence of only 10 signals
in ”C NMR spectrum indicated a Cz—axis of symmetry, that is a threo-isomer. To differentiate the
two threo isomers, 3 was subjected to single-crystal X-ray analysis which revealed it to be the (1S, 5R,
1'S, 5'R)-isomer, 10 rhe other threo isomer (-)~{1R, 5R, 1'R, 5'R)(m.p. 78-79 °C), 4, was sometimes isolated
in minute quantity. We noted that the addition of pentane (or mesitylene) to the reaction mixture increased
the amount of & (50 %) giving also a third compound, the ketol 5 (10 %) and 3 (15 %). The erythro-isomer,

6, (20 signals expected in 3¢ NMR) was not detected.'

TiCls4-Mg
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**(+)-(18, 5R, 1'S, 5'R)-1-(1'-Hydroxy-5'-isopropenyl-2'-methyl-2'-cyclohexeny!)-5-isopropenyl-2-methyl -
2-cyclohexenol.
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FN\W,

ORTEP Stereodrawings of Carvone-Pinacol 3 (m.p. 172 °C).

The mechanism of the reductive coupling of ketones by low valent titanium species is open
to discussion. Results have been readily rationalized by metal bound ketyls,sa or more recently, by a
concerted electron transfer from the metal to the carbonyl group. !

The transition state is supposed to require a ground state conformation and an axial attack
on each ketone.n The coupling by overlap of the n-molecular orbitals (Re face for the first and Si face

from the second molecule) can be ruled out by the absence of unsymmetrical erythro isomer 6.

W HO, — 3
w : " 2"
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3 6 1R,1'S
Ti Re.Si

The major diol 3 results from the addition of the Re faces. In the transition state, each
cyclohexenyl cycle presents an enhanced interaction with the isopropenyl group borne by the other cycle.

In contrast, the ground state conformation of 3 with diaxal hydroxyl groups shows moderate non bonded
14,15
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interactions.
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The ground state conformation of the minor pinacol & coming from the addition by the
Si faces with weak interactions, presents in each cyclohexenyl cycle a 1,3-trans relation between the
isopropenyl group and the other cyclohexenyl cycle giving two severe interactions.
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We assume that 3 results from a thermodynamic control and & from a kmetlc control since

the experimental conditions have not excluded the reversibility of the pinacol condensatlon. 5 The problem

of the thermodynamic isomerization during the pinacol coupling has been already discussed 4b from the

McMurry's observations (for tertiary pinacols no retropinacol condensations occurred with Ti(0) species 17).

In conclusion, we suggest that with the TiCIu—Mg reagent, the distribution of the products
can evolve toward the formation of the thermodynamic product. The reversibility of the reaction could
be slow down by addition in the reaction mixture of hydrocarbon.

The action of the TiCl,-Mg reagent (2 equiv.) in presence of 1-BuOH (2 equiv.) on (+)camphor
does not give the dimeric products but only the secondary alcohols isoborneol Z (58 %) and borneol 8
(32 /o). In this case and contrary to the dissolving alcali metal reduction 3b, c ef.g

around the carbonyl group prevents the reductive duplication.

TIC|4
tBUOH - THF
©2
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